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Disclaimer

The contents of this report reflect the views of the author or authors who are responsible for the
facts and the accuracy of the data presented herein. The contents do not reflect the official
views of the North Dakota Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.
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Use of Stainless Steel Alternative for a

Corrosion Resistance Structure

Objective

The deterioration of reinforced concrete structures haslong been aproblemto highway
agencies. The major cause ofthe deterioration results from corrosion of the steel due to
chlorides.

The costofusing stainless steel rebar is prohibitive for highway construction at thistime
buta new productknown as Nuovinox, a carbon steel rebar clad with stainless steelisreported
to be astainless steel alternative priced considerably lower than stainless steel.

The objective ofthisresearch study isto determine ifa carbon steel rebar clad with
stainless steelis acost effective new method of combating the effects of chloride intrusion.

Reinforcing steelis protectedin concrete by a passive iron oxide layer thatforms
because ofthe high pH ofthe concrete. Corrosionwon’toccur aslong asthere are nobreaksin
the passive layer overthe steel. The layer may be broken by two things; one involves
carbonation, the other, chloride ions.

Carbonationoccurs when carbon dioxide from the air reacts with water to form aweak
acid that converts calcium hydroxide within the hydrated cement paste to calcium carbonate.
Giventime, thisreaction can work its way in from the surface ofthe concrete to the reinforcing
steel, reduce the pH of the concrete surrounding the steel, and allow corrosion to begin.
However, with alowwaterto cementratio, carbonationis seldomaconcern.

Most corrosion problems are related to chlorides. Ithas been noted that the formation of
aniron chloride complexionfreestheironto beginthe corrosion process. Whenthe

concentrationof chlorides gets higherthan athreshold level, corrosion starts.



Corrosionhas been attributed to the factthat chloride destroysthe protective
passivationfilmwhichisformed on steel surfaces due to the high pH condition in concrete pore
solution (pH=12-13).

Researchon concrete durability has greatly increased and has demonstrated that
many of severe problems, such as cracking, delamination and spalling of concrete, are related
to chloride induced steel corrosion. The corrosioninduced damage is a serious problemfor

the structure.

Scope

The plans for this project call for the use of a stainless steel clad rebar for its reinforcing
steel. The use ofthis productis limited and ongoing research in many statesis being
conducted. Unlike epoxy coatedrebar, its cladding is resistant to accidental damage and
bars can be mechanically handled inthe same way as black bars. It can be field bent, cut,and
welded. Its chloride thresholdis the same as solid stainless. Ifthe coating on epoxy rebaris
nicked during transport or installation, resulting ina damage level of only 5%, the chlorine
threshold of the damaged bar becomesthe same as black bar. Corrosionwillthen continue
underneaththe damaged epoxy coating. Typically, epoxy rebar will give corrosion protection
foranaverage of 10 years. The advertised projected life spanfor stainless steel clad rebaris
75-100years.

Precleaned epoxy coated reinforcing bars are protected with a coating of powdered
epoxy that’s fusion-bonded to the steelinan assembly fine process. Typically, manufacturers
have the capability to coat straightbars, but only afew can coatbentbars. The coating
physically blocks chloride ions. However, unlessthe bars are coated after bending, there’'sa
potentialfor cracking and chipping of the epoxy coating during bending. Damage to the epoxy

coating also may occur during field-handling of the bars.



Location

The bridge is located West of Valley City, North Dakota, on Interstate 94 inreference
mile 290. The National Bridge Numberis 94-290.803. The projectnumberisIM-2-
094(011)289.

The West Valley City Interchange bridgeis 0.025 Mileslong. The projectbegins at
station5353+67.69 and ends at 5354+98.69.

Project IM-2-094(011)289

U

Project History

Construction

Constructionhistory atthe location of the projectis shownin Table 1.

Year Type Width (feet)

1958 Structure 40.0

1979 ApproachSlab -

1979 PCC DeckOverlay -

1985 RailRetrofit -

2001 Structure 40.0
Table 1.




Traffic

Trafficdataatthe location ofthe projectis shownin Table 2.

Design Data
Traffic Average Daily Est. Max Hr.
Current2000 Pass:4115 Trucks 775 Total4890 490
Table 2.

Design

Constructionoftwo structures on Interstate 94 near Valley City is proposed for the Year
2000. One sstructure will be constructed using epoxy coated rebar as specified by NDDOT
specifications and the other structure willuse the Nuovinox rebar during construction. The
amountofrebarineach structure is approximately 44,000 pounds.

Test Structure

The work atthis site consists of building anew 131 footlong, 3-span spread box girder
bridge with a clear roadway width of 40 feet.
The NDDOT projectengineeris Mike Flaaganandthe NDDOT bridge engineeris
TerryUdland. The contractorfor this projectis Industrial Builders Inc.
The stainless steel clad reinforcing to be usedin the superstructure shall be Stelax
Nuovinox316L Clad Rebar Grade 60 from Stelax Industries Ltd. The reinforcing bar listand
details forthe test structure are located in Appendix A. Photo 1 shows anexample ofa

stainless steel clad rebar. Therebaris manufactured in South Wales, United Kingdom.



Photo 1. Example of Stainless Steel Clad Rebar

Control Structure

The bridge islocated West of Valley City. The projectnumber for the control sectionis
IM-2-094(043)289. The bridge begins at Station 5353+74 and ends at Station 5355+05.

The National Bridge Numberis 94-290.803L-3. The bridge was constructed in May of
2000 andthe contractor was Industrial Builders Inc.

The type of reinforcing steel used within the bridge deck was epoxy coated rebar.

Material

Thefollowing statements arefrom the manufacturers literature.

Nuovinox316L isavailablein Grades 300 MPa, 420 MPa & 520 MPa (Grades 40,50 &
75)and conformsto ASTM A615and ASTM A955. The outer stainless layeris made from
316L whichis an austenitic chrome nickel alloy with Molybdenum. The composition ofthe inner
core canvary depending onthe application, forexample the Grade size.

The stainless steel clad rebar is made through a patented green process which results
inametallurgical bond during hot-rolling between its outer stainless steel cladding and its

carbonsteelcore. The processis uniqueinthefactthatthe claddingis notinstalled afterthe bar



is made butrather atthe pointofits conception. Stainless coilis progressively madeintoa
stainless steel pipe and then plasmawelded. The pipes are cutto length and processed high
tensile steel turnings are compressed into the interior of the pipe by a400-t. press. The ends of
the pipe are crimped and theresulting billets are fed through awalking beam furnace. When
the billetreaches a certaintemperature, the billetisrolled. The stainless steel claddingis
evenly deposited along the surface and metallurgically bonded to the inner carbon steel core.

The rebar has a corrosion threshold of over 7 kg/cu.m chloride level and is expected to
have a 75-100year life. Epoxy coated rebar hasacorrosionthresholdof0.7-1.2kg/cu.m.

Anaverage stainless steel clad thicknessis 0.8mm. Itisavailable inthe size range of
13mm(No.4)to32mm(No. 10). Stelax produces Nuovinox316L indiametersof5/8inchto
1.5inches. Thelengthavailableisfrom 20ftto 38 ftlong. Nuovinox rebaris also offeredin fully
fabricated formto the cutting and bending required, with ends sealed.

Nuovinoxhas a shear strength between the core and cladding of 300 Mpawhen tested
accordingtoASTM A 263-88. Itisfatigue tested to 2 million cycles (150 Mpa - 275 Mpa) with
no impairmentto the metallurgical bond.

Ends can be sealed by welding or by application of stainless steel or plastic caps pre-

filled with a suitable sealant.

Testing Performed

Stelaxconductedtests ontheirrebar. Their certificates are based onlaboratory tests
onregular batch samplestaken fromdifferentrollings. Alltests performed passed the required
specifications. These results are foundin Appendix B.

Midwest Industrial X-Ray, Inc. locatedin Fargo, North Dakota tested asample #5
stainless steel cladrebar. Atensile, microetching and chemical spectrographictestwas
performed. The tensile testwas completed per ASTM A2633,10. The microetchingtestwas
completed per ASTM E 488-18. The chemical spectrographictestwas completed per ASTM
E415-95aand ASTME 1019-94. Alltests passedthe required specifications. Appendix C

givestheresults ofthese tests.



Cost

The following is abreakdown of the costs associated with the stainless steel clad rebar.
The fabrication includes the cutting and bending of the rebar by the supplier.

StructuralRebar 44,000 pounds

Rebaris $0.59 per pound

Fabricationis $0.12 per pound

Freightestimated at$2,000.00

Totalcostof Material: $33,240.00

The following are costs associated with the control structure using the epoxy coated
rebar. Thetotal costincludes fabrication.

StructuralRebar 40,942 pounds

Rebaris $0.74 perpound

Totalcostof Material: $30,297.08

Construction

Site Visit 1.

Anon-site evaluation was performed on June 4, 2001 to visually inspectthe stainless
steelcladrebar. Thefindings are asfollows:
A. Bentbarsare notuniformly bent.
B. Bentbarssuppliedare notfabricatedto dimensions detailed inthe projectplans. The “k”
barlegsaretoolong. Thismay require cutting ofthe bars and subsequenttreatmentsuch as
capping orwelding. Depending onthelocations ofthe bars, this may resultinanincrease in
contractor labor.
C. No.5barswere substituted for No. 4barsin shipping.
D. Bentbarsdonotshowsigns of cracking orwrinkling of cladding atthe bends.
E. Theinnercarbonsteelbarsappeartobe wrapped with stainless steel cladding. Possible

variations in diameter of the inner carbon steel bar may resultin araised seaminthe cladding



material. See Photo 3.
Damagetothisseam
producesanopeningin
the stainless steel
cladding and entry point
formoistureand
corrosive materialsto
come into contactwith
the carbon steel bar.

F. Cutsandbreaks
wereidentifiedinthe

stainless steel cladding

whichexposesthe inner carbon steel bar. See Photo 2, 3and 4.

ltwas also noted
thatthe stainless steel
cladrebarwas shipped
onflatbedsandwas
strapped on by chains.
StelaxLimited had
specified thatchains
were notto be used by
the hauling companies.
As aresultofthe chains,
somerustresidue had

formedontherebar.

""f#‘-"f —

Photo 3. Cut in Stainless Steel Cladding




Photo 4. Split in Stainless Steel Claing near a bend

The Valley City District personnelidentified 30 k-type bent bars that were damaged.
Stelaxprovided a welding procedure (compiled by awelding engineerin Alberta Canada) for
repairofthe damagedbars. The welding procedure for end-sealing and cladding repair of
316L Nuovinoxrebarwasinaccordance with DIN 1733; 1736; and DIN 8556 for welding

stainless steelclad plate.

Site Visit2
Anon-site evaluation of the stainless steel clad rebar being placed in the bridge deck

was conductedonJune 14,2001. See Photos5 & 6.
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Photo 6. Placement of Stainless teel Clad Rebar
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The following
was observed
fromthe site
visit:
A. Thekbars
were cutto
properlengths
asspecifiedin
plans andend
welded. See
Photo 7.
B. Al
damagedrebar
wereweldedto
prevent
unnecessary
corrosionfrom
occurring.
See Photo 8.
C. Allspacers,
tie bars
and material
used withinthe
bridge deckwas
thatof stainless

steel.
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The bridge
deck was poured
June 15, 2001.
SeePhotos9&
10.

Photos 11
& 12 showthe
completed bridge
deck.

Progress
ofthe bridge deck

will continuetobe

ey

e T S — -‘_I.

monitored. Visual T — Ph 9. Bridge deck bein poured
inspectionwill be
conductedto
further study the
use of stainless
steelcladrebar.
Photos 13-
15
depictsthe
construction
andfinal product
of the

controlbridge with _

€poxy
steel.
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Photo 11. Finished bridge deck

Photo 12. Side view of finished bridge deck

13



SR | ooy 1
Photo 13. View of the control section bridge deck

(epoxy coated rebar)

Photo 14. View of the control section bridge deck being poured
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Photo 15. View of the contrl section bridge deck

Evaluation

The projectwill be evaluated atfive, ten, fifteen, and twenty years.
Evaluationofthe West Valley City Interchange bridge will be compared to the control

structure.

Summary
Comments from Mike Flaagen, NDDOT projectengineer:

1. Ifwe continue to use this material, we need to learn more aboutits characteristics.
We need to know howto acceptitinthefield and look forirregularities inthe coating.

2. The supplier should do a better job of bending the bars to the correct dimensions.
Many ofthe bentbars were not exactly bentto the dimensions shown inthe plans. This mainly
affectedinstallation because the barswere toughertofitin place. Insome casesthe contractor
hadto cutbarsto the correctlength and cap them.

Otherthanthese comments, Mike Flaagen reported that no other differences were

noticed in construction using the stainless steel clad rebar.

15



Appendix A



BILL OF REINFORCING STEEL, GRADE 60 o [SFaR FIIRAL 40 PROATT ranten -
v LT NEINFURCING STEEL, &
LETTER PREFIX OF BAR MARK DENOTES SHAPE ~ SEE BAR DETAILS 8_ino M—-2-094(011)289
NO. T IMEM - - TAILING DIMEN ]
poore[oze [ ark '1%.“2‘& DETAILING DIMENSIONS o [ﬂ MARK oo HGANAL DE DIMENSIONS NOTES:
e a b < d e | f g h {k /ST | LENG Q b c d e | f 9 R ]k 1t rasmcanon so TOLERANCES St BE
5 a00 | 28 j 59-8 5%'-8" 5 | ¥as00 1329 | 42-7 422" * ACCORDANCE WTH THE CRS MANUAL OF
5 | Ain 8 10°=0" 10 -0 5 | YASO1 { 64 | 16'=6" 16°—6" STAMOARD PRACTICE,
S a2 | 321 6-0 [ 5 | vaS02 | 64 | 28'-6" 286" 2 AL CMENSIOMS ARE QUT TO OUT OF BARS,
: 5 {¥AS03 | 18 | 42-4° $2=4 3. MOMBNAL LENGTN OF EACH BENT BaR
) 6 lvyaso4 | B | 37107 37~10 BAR 15 THE SUM TOTAL OF m‘wmmm
=is5Tcoo | & [i7-8 8-0" | 1-8" [ 8'=0" € | YAS0S | 7 | r—@8 3-8 OIIENSIONS FOR THMAT BAR, UNLESS OTHERWSE
el IR I I 7= | V-8 |72 6 | YAS0B | 10 | 3-8 -5 NoTED.
= 5 | C102 48 | 1427 5-4"|1-8" | ¥-2° 4 | YA507 | 40 3-8 F-g" 4. ADJACENT “AA™ BARS SHALL BE TURNED EMD
Fl#s]c03 172 ] 58 & [1-8] & FOR END SO THAT THE SPLICE LOCATIONS ARE
D[+ [cos [ | 4-7 el S . STAGGERED,
a S | YBSOO | 86 6'-3 -3 | ¢-0" S THE T DWENSION NOICATES THE RADWS.
< : S | ve%0r [ 38 | €11 T | 30" . :
— = = e T O et B. A “Y" PRECKDNG A BAR DESIGNATION -
5 | 0Igo | 8 { 10-a 23 (&1 12 | 3 4 | ve507 | 8o | 7o V=0 |11 POCATES & STAMLESS STERL CLo0 BaR,
S [ SCI00 | 4 120'-4" 8 | 6-1" 71" 1'=-7"] 7 S | vGsoo | 20 =7 1'=6" | F-T {1=-6"] 6" 12 |1.06
Lilof 4 | Y500 { 50 | 7-7 12-3 | 1=1 | Z=3 ] 1~0 12 ] 0 . -
4200 | & | 3a-2 -2 IOl Y6502 [ 35 | Bea” [F=1| & |- ] 10" 1210 ) v
AZ01 | 20 | -2 134=2 =i ' : ©
A202 [ 10 | 34-7° 3427 - (S0
A20% | 72 | 15-10° 15" =107 Mo - a d
AzZ04 | 12 | 3% 3o—2 EEE W (262 f o [T+ | & | i [ & rolie | F 553 e = NO.
A205 | 10 | 39=2 =2 Vi i 0. 5P
— oA
C200 T—7 | 5% | T-7 w2 @
207 6 2-21 & =|=(5 { n500 (262 | 50 F [2-2"] & |z=2 2.5 12 {1.25
m A
N200 56| 6" [ ¥ _f
N201 F-21 & 0 112 <
N202 2.5 ] & 0 | 1z S w500 | B | 710 |-l i-6"1 & 12 1.06 o ] ; =
e
RZ0D T 10 { 39 -10° { 2-9 (34—} 29" 12 | 7.2 i2 17.2 : e = no |
RZ01 | 2 | -1 (-8 |T=2 [t~ 2 | 7.2 (RN 5| V500 [ 86 | &8 | 5 l|o-1"fr-a 125 | 00 |17 [85] o (% €Q. sP.
R202 | 2 5-2 |2=8|1-3|T-3 12 | 7.2 0 | 12 e @
4 {SA200 | 4 | mwi—3 [35-1138=3 2 X ®
5 [YAASD0] 59 [ 134°-8 60'=0"| Z-0" [14-§"] 2 t30°~8"
5 I5N200 | 2 T 934" |22 [T=4"| & |2-8] 9 5 [vaalor]| 42 [133-8" 60-0"| 16 |13-8"] 2 1350 =8 —
S pown201 | 2 | ns=0" [2-2°]200°| & | 51" c_] o
S [SN202 T 2 [317-4 [2-2lz=11"] .6 | 3-1 - ‘r =
51oN203 | 2 | 04— [3-7 |[1=4| & 7% Tao10 | 3<% |3-5 3 o | s B
1266 | 2-3 |39 =117 5 1 1 1
3 : b Lo | |__°__|
b L d l . I e = NO.
r—"—j I @ €C 5P,
I ok d 1 ®
b b .
4 T 1
Eyl o
c = LAP SPUCE (TvP) Dk s TERCHANGE
e = NO,OF "b" LENGTH PIECES IN A SET o ¢ WEST VALLEY CITY IN HAN
TOTAL LENGTH PER SET m e x b + d - S oo |
e T ® (£AST BOUND)
REINFORCING BAR UST
& DETANS

REBAR Q0DLS3

BWR

84—290.803R-11

T \ogv\wvalleysouth\rebar oon  Jan. 21, 2000 1L ST 19




Appendix B



STELAX (UK) LIMITED

The Wem Works,
Briton Ferry
Neath, SA11 2JX

South Wales, UK
Ph: +44 1639 820 666

Fx: +44 1639 813 020
www stelax.com

email: plno@stelax.com

TO: Mr Tom Bold-NDDOT

From: Nino Cacace.

Fax:701-328-6913

Date: 11-06-01

Dear Tom,

Re : Test Certificates & bars to be repaired.

Please find attached 2 relevant test certificates. These certificates are based an our laboratory
tests on regular batch samples taken from different rollings as per attached typical laboratory
reports.

We were surprised and apologise for the 30 odd faulty bars shipped to you, which to us is a high
number of rejects.

We rolled these bars last year in November/December before we could install our double-rolier
guide boxes, which is standard rolling practice for the final rolling stand (where the notches are
formed) which ensures that the bar being rolled is centrally fed into the rolls very precisely. Any
mis-guiding will cause the bar to be “pinched” on the one side along the longitudinal rib,
presenting with a continuous or intermittent “flashing” on that side. Aithough not desirable in
conventional rebar, cladded rebar is more delicate during hot rolling because of the potential
damage to the ss-cladding. Our rollings subsequent to January have however been with these
double-roller guides and have in effect eliminated the problem.

Most of the North Dakota contract was acid-descaled through our new acid-descaling plant which
we commissioned late last year. Our final quality control inspections are now cariied out at least 2
days after acid-descaling has been compieted allowing time for cladding faults to become visible.
Our only explanation due to lack of experience in that the initial batches out of our new system,
were inspected too soon after acid descaling, and hence our inspectors would have missed these
cladding faults.

We can assure you that our present rollings have extremely few rejects which are mostly
completely predictable from rolling conditions (such as temperature or a loose guide in the mill
which requires tightening). .

We can now guarantee 100% reject-free despatches with our now greater experience in the final
quality control inspection after acid descaling.

Yours sincerely,

Mo
_——

B-1



Stelan {UK) Ltd CERTIFICATE OF TESTS
) ANY RECIPIENT OF A COPY OF A TEST GERTIFICATE WITHOUT THE EMBOSSED STELAX SEAL SHOULD

The Wern Works, Briton Ferry, Neath ENSURE THAT IT IS A TRUE AND ACCURATE REPRODUCTION OF THE ORIGINAL.

West Glamorgan, SA11 2JX, Wales, UK

Telephone: 01639 820666 Fax: 01639 813020

[CERTIFICATE NO: D016 'DATE: 12/0201
CUSTOMER ORDER NO: DATE: ORDER NO: INSPECTION:
E11406 12/02/0¢

SOLD TO: CONSICNED TO: SPECIFICATION: See atiached Nouvinox re-bar specification

Industrial Buiiders Inc. incustrial Builders inc.

PO Box 403, Fargo, 1307, County Road

Norih Dakola. 58107 - 17, Norih, PRODUCT: Nuovinox §S 316L Clad carbon steei re-bar

Ph: 701-282 4977 West Fargo, Grada of stainless steef : 3161 : ASTM A240 0/87 ASME SA240 0/98

North Dakota. 58078 .
HEW NO DIMENSIONS WT |CASTNO|PIECE{ YS |TENSILE |ELON RCA B8.HN |CHARPYVNOTCH BEND TEST
1 NG KGS NO | RE JUTSRM| % | -~ % IMPACT
0.2% |ksi INDIVIDUAL
‘ 1 3{16mm L0771 504 729f 20 NIA N/A Salisfactory
e luinm&cs SMOOTHNESS: Commercial Finish MACRO STRUCTURE SATISFACTORY
MICRO STRUCTURE SATISFACTORY
CAST NO [ Si Mn P S Cr Mo Ni Al Cu N Co COMPANY SEAL
Lo771 0.02 0.41 1.31 0.03 0.002 | 16.61 211 10.05 0.034
!
i
THE RESULTS ARE CERTIFIED AND COMPLY WITH REQUIREMENTS RELEVANT TO THE PRODUCT DESCRIPTION B
NOTES THIS MATERIAL IS FREE FROM MERCURY CONTAMINATION CORROSION TESTED TO A22 PRACTICE E SATISFACTORY
THIS MATERIAL HAS NOT BEEN REPAIR WELDED )

Q.A. MANAGER .
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Sinlax (UK) Lid

The Wam Works, Srion Ferry, Neath |
Wast Gismorgan, SAT1 2JX, Wales, UK
Talsphona; 01639 820668 Fax: 01838 213020

CERTIFICATE OF TESTS

ANY RECIPIENT OF A COPY OF A TEST CERTIFICATE WITHOUT THE EMBOSSED STELAX SEAL SHOULD
JENSURE THAT IT 15 A TRUE AND ACCURATE REPRODUCTION OF THE ORIGINAL,

fcesmncatene:  oos _|oate 5 JAN. 2001
CUSTOMER ORDER NO: DATE: ORDER NO: INSPECTION: -
E11408 5™ JAN. 2001
SOLD TO: CONSIGNED TO: SPECIFICATION:  See atiached Nowninox 1e-bar spociication
industial Bulders Inc. industrial Bulders lnc. ' :
PO Bax 406, Farge, 1207, County Road
North Dakola. 54107 17, Norh, PRODUCT: Nugvinox §5 3161 Clad carboa steal ra-ber
Py 701-202 4877 Wast Fargo, Grade of sininless steal : 318L ; ASTM A!((i /07 ASME SAZ40 008
North Dakota. 58078
EM | NO DIMENSIONS WT |casTno|miEce| vs |TEnsKE |ELON|  RCA BHN PY VNOTCH BEND TEST
N0 KGS NO | RE [UTSRM] % | ~ % IMPACT.
0.2% [ksi INDIVIDUAL

1 3[20mm Lormt 540 w2 1 NA WA Satitactory

2l sltenm Lorn sof  728] 20 na | Na Satisfactay
SURFACE SMOOTHNESS: Commercal Finish MACRO STRUCTURE SATISFACTORY

MICRO STRUCTURE_SATISFACTORY Suy
CASTNO | © si Mn ' s | o Mo | Ni-|] . A Cu N Co COMPANY SEAL
wrn | ooz 0.1 120 | oo |ooo2| 61| 21 | 1008 0.0
THE RESULTS ARE CERTIFIED AND COMPLY WITH REQUIREMENTS RELEVANT T0 THE PRODUCT DESCRIPTION
NOTES  THIS MATERIAL IS FREE FROM MERCURY CONTAMINATION CORROSION TESTED TO A262 PRACTICE E SATISFACTORY
THIS MATERIAL HAS NOT BEEN REPAIR WELDED - ' N Q.A. MANAGER

corOVIS. veBhweet?



VEATION BHERL
Somple Number:- AA 027 Relling date:- 01-12-00

Part Number:- T.B.A. Description:-{6mm Nuovinox Re-bar
Batch Number:-N/ A

TEST SPEC SULT P /FAI
Dimensjonal
Bar diameter 15.90mm 16.95mm - pass
Gap 6.10mm max 2.71mm pass
Notch height 0.71mm min 0.85mm - .. - . - pass
Notch spacing - 11.10mm max 10.59mm v pass
Notch angle 45° min 54° pass
Tensile
Yield strength ‘ 420MPa min *546MPa - : “ i pRas
Ultimate tensile sttength 620MPa min 792MPa . - . pass
Elongation % . 5% min 13% ' . pass
Weight
Kg/M . 1.567Kg/v (nominal} 1.946Kg/u . pass
Bend test - . Nocrackingofcladon Nocracks :. - - . pass

. - -Outside radius. No No wrinkling . pass

Wrinkling of clad on
Inside radius.

Cladding
Thickness 175um min " 0.85mm min pass
Bonding No cracks / delaminating No eracks / delaminating . pass
ngmcnts:-

Note:- Bend test must be performed against longitudinal rib.

Date:- 19-12-00 Signed:-
(Laboratory Supervisor)

Report N° 00035

Q.CF. & Paguloll
Ravision leval 2. [xsued 13-10-00




Sample Number:- AA 026 Rolling date:- 01-12-00

Part Number:- T.B.A. Description:~16mm Nuovinox Re-bar
Batch Number:- N/ A

bRkl e
e

TEST PASS / FAI
Dimensional
Bar diameter 15.90mm 17.00mm - pass
Gap 6.10mm max 3.13mm _ pass
Notch height 0.71mm min 0.88mm pass
Notch spacing 11.10mm max 10.66mm pass
Notch angle 45° min 54° pass

ensile
Yield strength ' 420MPa min 541 MPa pass
Ultimate tensile strength  620MPa min 810MPa pass
Elongation % 9% min 22% . pass
Weight
Kg/M 1.567Kg/m (nominal) 1.993K g/ pass
Bend test No cracking of cladon ~ No cracks pass -

e ‘Outside radius. No No wrinkling pass

Wrinkling of clad on
Inside radijus.
Cladding
Thickness 175um min 0.80mm min pass
Bonding .- Na cracks / delaminating No cracks / delaminating pass
Comments:-
Note:- Bend test must be performed against longitudinal rib.
Date;- 19-12-00 Signed:- A
(Labo upervisor)

Report N? 00034

-

QLF.6 Pagelof) -
Revision level 2, fissed 13-10.00 R.K




ABORA ARTE
C ET
L .F. 5
Batch Number:- N /A -BarNumber:- (AS7T oFc
Part Number:- T.B.A. Description:- 16mm Nuovinox Re-Bar

IS T

4R SEEGEN i)

T;'-1J“I"’a:E:e-rMstJ‘.[i ‘_5!,.. -?.

Y ;__&cpurt'No AOGO -58 ]

Q.CF: 54 Fage 1-0f |
Ruviviym el 2. . lavasl OF-F5-00

- | Bar diameter 15.90mm [7-©S 7 m DPasd
§ Gap 6.10mm max. 2 -gﬁ »M v
Notch height 0.7Tmm min. C Sl m m Y
| Notch spacing 11.10mm max. /O . &S it en —
.1 Natchangle -45" mm. s —~
) - | Yaeld strength 230 MPa min. S5 Wrh Ny
L U.T.S. 620 MPa min. j o2 mPa >
" ‘{Elongation % 5% mm, G X ™ —
% ?.-Sﬁds_t_n Keh) | 1Sogutamial | = 006 4oy Jm | Podp
. - No crecking.of clad on C AN c .
R R I
ety Timdn:dm:. - NI© LRI Kt S Gy B
Clad fhicknéss 175 um min. O TomMm A Pt
Clad bonding No cracks / delaminating. | 735" &ARCHT N ——
2 Do b (AT e
Comments:-
“iPate- O3 =/1- Oo “ - Signed:- %
(Laborato hnician)

e

o
"



LABORATORY RE-BAR TEST
RECORD SHEET
Q.C.F.5-2

Batch Number:-

N /A

Bar Number:-

£S

Part Number:- T.B.A.

Description:- 19mm Nuovinox Re-Bar.

Bar diameter

Report N° Aococo 7

QC.F.5-2 Pagalofl
Revision level 2. Issued 02-1)-00

B-7

19.10mm (Nominal) 20 -00 i sn JAY)
Gap 7.30mm max. 3-SR w1 o
Notch height 0.97mm min. 1- 28 pn pen o~
. Notch spacing 13.30mm max. ,‘, . 6’3 "l e C —
Notch angle 45" min. St ~
Yield strength 420 MPa min. S0 7 wiP= oo
Elongation % 9 % min. 20 % —
[ Weight (Kg/m) ~ [ 2236Kg/u (nominal). [ 2 Gra&g /om | Pads -
' L4
[ Bend test No cracking of clad on A0 CALAACLS R
outside radius. No N
wrinkling of clad on AVO LRINLLING celdd
inside radius. g
Clad thickness 175 um min. O RO M AN gy T Ry
'| Clad bonding | No cracks/ delaminating. [22 </¥ers . Y
Comments:-
Sa e chory
& 74
Date:- /3- /r- @0 Signed:- / —
(Laborato echnician)




S

LABORATORY TEST REPORT

K.

Sample Number:- AA 028

Part Number;- T.B.A.
Batch Number:- N/ A

Rolling date:- 01-12.00

Description:-16mm Nuovinox Re-bar

TEST SPEC RESULT PASS / FAIL

Dimensional

Bar diameter 15.90mm 16.88mm ‘ pass

Gap 6.10mm rnax 2.50mm pass

Notch height 0.71mm min 0.87mm " pass

Notch spacing 11.10mm max 10.62mm pass

Notch angle 45" min 54° pass

Tensile

Yield strength 420MPa min 547MPa . . pass

Ultimate tensile strength * 620MPa min 8G2MPa - - - - -pass

Elongation % 9% min 13% 4 ~ pass

Weight

Kg/M ' 1.567Kg/u (nominal) 2.000Kghy - - . _ pass o
~ Bend test ‘No cracking of cladon  Nocracks - .- - © . *.-pass

oo _Qutside radius. No - No wrinkling pass

Wrinkling of clad on '
Inside radius. "

Cladding TR

Thickness .J75um min 0.95mm min’ pass

Bonding . No cracks/ delaminating No cracks / delaminating - . . pass

Comments:~ : |

. Note:- Bend test must be performed against longitudinal rib.
Date:- 08-12-00
Report N° 00036

QCF.& Pagelof)
Ruvision leved 2. [ssued 13-10-00 B.B



Appendix C



INDUETRIAL X-RAY, DIC, TELEPHONE (701) 262-7845

, : C FAX (701) 282-68711
.' . -
c@ Midwest Industrial X-Ray, Inc.
FARGO, ND NONDESTRUCTIVE TESTING
P.Q. BOX 133 - 4032 - 7TH AVENUE NORTH
. FARGO, NORTH DAKOTA 58107 BRANCH OFFICES
: &lll PENETRANT —
- SIAGNETIC PARTICLE
WELDSR CERTIFICA MINNEAPOLIS,
) [ Y cll.ln:'l‘l' A&ll.ll-l;l“:!“ COUNCIL BTE:EF:.':A
+ METALLURGICAL INVESTIGATIONS
i
REPORTED TO: N.D. DOT INVOICED TO:
{1Same
Fargo, ND
g —————— == —— ——————— 4——7 V
PROJECT NAME AND LOCATION: PROJECT NO.: INVOICE |[INVOICE
# 5 Stainless Steel Rebar DATE; NUMBER
6/20/01 8135
DESCRIPTION: AMOUNT:
Tensile Test
Microetch $171.00
Spectrographic _
All accounts due on the 10th of month following purchase. A finance charge |Pay last amount in
of 1 172 % will be made on accounts over 30 days past due, which is an this column
annual percentage rate of 18%
ITEM
7.3.12
Tensile Test
1 @ $18.00 / test : $18.00
8.5 Microeich
8.5.1 Microetch Analysis
1@d $28.00 / each $28.00
8.8 Chemical Spectrographic
8.6.1 Analysis
1 @ $125.00/ each $125.00
—mﬂ_
'PLEASE PAY FROM THIS INVOICE & RETURN YELLOW COPY.
Thank you. ' TOTAL: $171.00
C-1

ca d Sk:88 BBe1-88-Nul



MIDWEST
INDUSTRIAL X.RAY, INC,

TELEPHONE (701) 262-7846
FAX (701) 282-6711

'- ) ' ‘ ) , 4
@ Midwest Indusirial X-Ray, Inc.
PARGO, ND NONDESTRUCTIVE TESTING :
P.O. BOX 133 + 4032 - 7TH AVENUE NORTH
: 5;“":_""“.'.;" FARGO, NORTH DAKOTA 58107 SRANCH OFFICES
INDUSTRIAL x’-'; we. TELEPHONE (701) 282-7848
« . . FAX (701) 282-8711
&P Midwest Industrial X-Ray, Inc.
FARGO, ND NONDESTRUCTIVE TESTING
P.O. BOX 133 - 4032 - 7TH AVENUE NORTH
) i FARGO, NORTH DAKOTA 58107 BRANCH OFPICES
- LIIUAD PENETRANT -
mngﬁh MINNEAPOLIS, MN
A QUALITY ASSUI * COUNCIL BLUFPS, 1A
METALLURGICAL INVESTIGATIONS
STRESS RELIEVING
X-Ray
Date: 6/20/01
Test For: N.D. DOT
Material: #5 plated rebar
Base Dimensions and Loading
Sample: Diameter Yield Ultimate
R ([,) - —bD (6D ___
1 0.625 25800 38500
Stress: Area Yield Ultimate
—Gn) —ps) fesi)
1 0.3068 84095 125490
Elongation: Base Final %
N (1) N —n
1 8.00 9.50 18.8 .
Platting range of thickness: .031 - .127 inch

c-2



JAN-@9-1908 §6:21

MIDWEST
INDUSTRIAL X-RAY, ING.

'@ Midwest Industrial X-Ray, Inc.

NONDESTRUCTIVE TESTING /

P.O. BOX 133 - 4022 - 7TH AVENUE NORTH
FARGO, NORTH DAKOTA 38107

pate: 6-20-01
Test For:
Material: #5 plated rebar
Base Dimensions and Loading
Sample; Diameter Yield
tg)] (ibf
1 0.625 25800
Stress; Area Yield
(n2) (psi)
1 0.3068 840895
Elogation: Base . ~ Final
(in) {in)
1 8.00 9.50

Platting range of thickness: .031-.127 inch

Microetching: ASTM E 488-18

Tensile ASTM A2633,10

P.23

TELEPHONE (701) 282-7846
FAX (701) 2826711

BRANCH OFFICES

MINNEAPOLIS, NN
COUNGIL. BLUFFS, A

Ultimate
{bf)

38500

Ultimate
(psh

125490

%

18.8



JAN-B9-130@ ©6:22

P.@4
muugiff xﬂ NG, TELEPHONE (701) 282-7846

‘ FAX (701) 282-8711

@ Midwest Industrial X-Ray, Inc.

FARGO, ND NONDESTRUCTIVE TESTING /

P.O. BOX 133 - 4032 - 7TH AVENUE NORTH

. RADIOGRAPHY FARGOQ, NORTH DAKOTA 58107 BRANCH OFFICES

+ LLYRASONIC

e s -

" B OUALITY ABSURANCE. coUNCHL. BLUFF, A

* METALLURGICAL INVESTIGATIONS

o e
Report to: N.D. DOT Date: 6/20/01

Fargo, ND

Subject: Chemical analysis of sample recsived June 7, 2001

Sample Identification / Description: Steel Sample

Chemical Composition:
%
Carbon 0.330
Manganese 0.990
Phosphorus 0.010
Sulfur 0.051
Silicon 0.230
Nickel 0.170
Chromim 0.240
Molybdenum 0.050
Copper 0.160

Aluminum 0.034

Test Method: Carbon per ASTM E1019-94; Others per ASTM E41 5-95a

C-4
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06-Jun ‘01 18:48

Ph: +44 1639 820 886
Fx: +44 1838 813 020
www sielax.com

email: nino@steiax.com

Stelax

Cl§39813020

STELAX {UK) LIMITED
The Wem Woris, -

Briton Fery -

Neath, SA11 2JX

South Wales, UK

TO: Mr Tom Bold-NDDOT

From: Nino Cacaca.

Fax:701-328-8913 -

Date: 6-08-01

Dear Tom,

Re : Your ¢-mail of the 6-5-01

We inspect al Nuovinox bars 100% before dispatch.

All bars especially bent bars are acid-pickled as a final step prior to inspection.

We ragret the inconvenience and are standing by to receive ydur requirements in repiacement
bars which we shall courier to you.

Attached is a welding procedure, compiled for us by a walding engineer in Alberta.

Yours sincerety,

Antonina Cacace.


shatay1

shatay1
D-1


06 Jun ‘01 18:48 Stelax UK ‘ : oo 01633813020

y

Weiding Procedure for End-Sealing and Cladding Repair 316L Nucvinox Rebar in Accordance
With DIN 1733; 1736; and DIN 8556 for Welding Stainiess-Stee] Clad Plate.

1.0PURITY & WELD PREPARATION.

1.1 At all times contamination from Carbon Steel must be avoided such as dragung Nx bars across carbon
steel material or worktops. Weid flattening, Pick Hammers and brushes for finishing the weld must be
stainless steel,

1.2 Avoid contamination from sulfur . Grinding and Cutting Discs with sulfur free bmder must be
employed {Synthetic Resin Bonding) when cutting or grinding.

1.3 Weld Area must be cleancd and all rust or flashings removed. No oil or grease must be present.

2.0 PREHEATING. ;
2.1 No Pre-heating is required.

3.0 WELDING PROCESS.
3.1 TIG welding with cold wire and a straight Argon shield @ 35CFM.

4.0 END SEALING.

4.1 A 2-Layer welding procedure is required to avoid possibility of weld dilution by the carbon steel core at
the surface of the end-seal.

4.2 The initial “Buffer Layer"” shouid be with a 309L wire of diameter 3/32" (ER309L ASME SFA 5.9) and
a setting of SSAMPS.

4.3 The final layer is to be 316L (ER316L. ASME SFAS5.9) with a diameter 1/16™ and a setting of

55AMPS

The welding technique is to initiate at the outside circumference of the cross section : gradually spiraling
from the outside to the centre until fully welded.

5.0 CLLADDING REPAIRS:
5.1 Hair-line cracks should be repaired with a single weiding layer of 316L 1/16" diameter & a setting of
35AMPS. All other seftings remain the same.

6.0 POST HEAT-TREATMENT.
6.1 None.

7.0 WELD-SEAM AFTER-TREATMENT.
7.1 Wire brushing.

8.0 INSPECTION.
8.1 Visual for pin-holes.

Approved by :

W. Hamilton P.Eng.

Hamiiton Engineering
1220341 Ave. NW
Edmonton.

Alberta T65 GV6


shatay1
D-2
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